2. Stationary perturbation method

Introduction

H=H’+H' (1)

The eigenstates and eigenfunctions of H? are known
If E} is non-degenerated

HOU), = BV, (2)
First-order correction
B = (04| H'|Wy) = Hjy, (3)
Eigenfunctions
(HO - EOwY + (B — EMY, = 0. (4)
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Second-order correction to the energy

B = (U0 — B, (6)
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If EY is degenerated
HUy, = EQWy,; r=1,g9, (8)

ahol g — degree of degeneration

<\Ijkr|\:[jks> = 5’rs; r,s= ]-79 (9)

The first-order corrections are given by

(U |H|Op1) — B (W [H We) oo (U |H W)
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Roots: B}, By, ..., Ef..
If U, are the eigenfunctions belonging to different eigenvalues of H', the
matrix of H' will be diagonal.



The ground and excited states of helium

The Hamiltonian is split into two parts
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0.1 Ground state
U(ry,re) = Y15(r1)Pas(ra).

H® = HY + H3,

H°U = Ey ¥
The Schrodinger-equation can be separated
Hpns(ri) = Eitng(ri); 0= 1,2
or
(=572~ £) vntr) = B i=1.2,
hydrogenlike ion
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P1s(ri) = \/27672”3

Oth order
EO :E1+E2 = _Z2
lesz.
1st order
E(l) = <\I/(T1,T2)|HI|\IJ(T17T2)>
1
- <¢15(r1)¢1s(7‘2)|Ewls(rlwls(rz»'

Result:

5
EM =27
8

E=-2°+ gz = —2,750 hartree = —74,83 eV

Experimental: —2,90372 hartree
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0.2 Excited states of helium
U (ry, r2) = Yo (r)ys(ra).

(24)

Parahelium (S = 0) the spin part is antisymmetric, the spatial wavefunction is

symmetric

Orthohelium (S = 1) the spin part is symmetric, the spatial wavefunction is

antisymetric
The unperturbed wavefunction

Uf(ry,re) = %[%(Pl)%(rz)+¢b(r1)¢a(r2)]; S=0
Wi (r1,12) %[wa(rl)wb@z)—¢b<r1>wa<rz>1; S=1,

1, and 1 hydrogenlike functions
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2n? times degenerated unperturbed states
H/ = 1/7“12

det((T*
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All nondiagonal elements will be zero
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different from 0 only, if I =1’ and m = m/’
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The corrections are obtained by the diagonal elements
Bk = (W, [H )
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Jn1 Coulomb term
K, exchange term
oo oo 1
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Finally
E = —Z—2 1+ i + Ju £ K, (35)
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The enrgy of the ortho (triplet) state will be lower than the enrgy of the para
(singlet) state
Ex: EY is split into 235, 215, 23P and 2! P sublevels



